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FHE;E-SPllNING-TfjWNEL TESm OF A L S C A I ; E  MODFL 
26 

OF THE D0ZB;IAs XTB'LD-1 A I R P I M E  

By Ralph W, Stone, Jr. and Theodore Berman 

I 
26 A spin-tunnel inveeti@tlon of a ---ecale 

Dou&s XTB2D-1 airplane hea been conducted in  

model of the 
the kngles 20-foot 

f r e e - a p w r g  twmei.  he ef fec ts  of control eet t5ngaid  movements 
upon the  erect- inverted-win and recoveq characteriatice of 
the model were dete'l..mined f o r  m r i a r s  loa&Lng candition8. Tests 
were also performed t o  determine the effect8 of various tail mdifi- 
cations. The inveati,gation  included emergency spin-recovery para- 
chute t e s t s  ES m l l a a  crew-escape and rudder- and elevator-force 
tes te .  A l l  t e a t s  were pedormed at an equivalent spin altitude 
of 20,000 feet .  

. .  

The recoverg chamcteriatice of the model in its original 
design were found t o  be unsatisfactory. L e t a l l a t i o n  of a large 
ventral   f in ,   ins ta l la t ion of tip fins on theI horizontal tail, or 
Instal la t ion of a a m l l  ventral  f in  in coribinat;ion wfth mtiepaz- 
fillets and a apanxise extensim- of the horizontal-tail  surfaces 
aat isfactor i ly  improved the recovery chai=cterlBticS of tho morlel. 
Analysis indicates that moving the hof i zmta l  -ail upward and forward 
suff ic ient ly  will also lead to a t i s f a c t o r y  reco~erLe8. A 19.5-foot 
t a i l  parachute with a drag coefficient of 0.60 o r  a 7.6-foot WiKg- 
t i p  parachute opened on the out loard wing t i p  with a drag coeffi- 
c ient  of 0.79 waa found t o  be w~tisfactol-g a8 an emergency spin- 
recove- device f o r  demmtrat ions.  It WELEI indicated that in an 
emergency the c r e w  should leave the airplane i n  e. epin from ths  
outkmrd. &id3 CF from below the fuselage rearward of the -3. 
The radder m.d elevator control force6 mseaured were found to be 



wlng chord, fee t  
I 



a 

Ix - *Y 
mb2 

12 - Ix 
mb2 

P 

v = -  PSb 
m 

a 

a 

B 

ratio of distance between center of gravity and phne 
of syzrraetry t o  mean aerodynmtc chord (positive 
when centor of gravity is to right of plane o f  
ssmnetrs) 

r a t i o  of distance between center of gravitg and 
thruet l ine  to mean aerodymmh chord (positive 
when  center of gravity i e  below thruet line) 

mrmulnte of inertia about X, Y, end 2 body =ea, respec- 
t i v e l y ,  slug-feets 

inertia pitching-mment parameter 

air deraity, elug per cubic foot 

full-scale true rate of deacent, feet   per  eecond 

full-scale angular velocity about spin axid, revo- 
lutions per eecond 

helix angle, angle between flight path and vertical ,  
degrees (For this model, the average absolute 
value of the  helix angle WOB approximately 3'.) 

approxinrste angle of Bideslip at center of gravity, 
degrees (Sideelip l a  imrd when imer wing f a  
d m  by an mount greater than the hellx angle.) 
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W i n d  Tunnel and Testing Technique 

5 

The tee te  were performed i n  the Langley 20-foot free-spinning 
tunnel, the operetion of w-hich i e  generally slmihr to that described 
in  reference 1 for the 15-foot free-npinnfng tunnel except that the 
model launching  technique hae been  chmged. With the  cmtrola set 
i n  the  desired  position  the model is launched by hand +*th rotation 
into t h e  vert ical ly  rising air stream. After a number of t u r n s  1x1 
the established spin, recovcrg is attempted by moving one or  more 
controls by mema of the remote-controlmechaniam. After recovev, 
the model divee fnto the eafety net .  The data preeanted were 
determined by methods described in  reference 1 and bave been con- 
verted  to  corresponding fill-ecale valuee. A 2hotogaph of the 
model spinnfng In the tunnel i e  shown in figure 5 .  

In accordarxe with starldard epin-tunno1 procadwe, t e s t s  werO 
perforncd t o  deternine the epin and recovery ch&raCteYi6tiCB of the 
modt.1 f o r  the normal spirning control cmfiguration (elevator f u l l  
up, ailerons neutrtil, en2 rudder f u l l  wtth the- spin) and f a r  mr ioue  
other  aileron-el6vator coxnbinations inc ludiw  neut re l  and mexirmUn 
deflections of the eurfacee f o r  Ve-rious model l o a d i q s  and corfigtl- 
rations. Where api.118 were obtained, recovery was attempted either 
by rapid fill reverael of the rudder or  by rapid full reversal of 
both  rudder end elevator. If the model recovered d t h o u t  control 
movement  when launched fn E s~innirsg a t t i tude  with the cantrole s e t  
f o r  the spin, the  condition recorded as "no spin." 

Tests were also performed to evaluate the paseible adverae 
effect8 on recoveq of -11 doviat iom from ths normal control 
confimration for spinning. For these tests, t h e  ailerons w e r e  set 
one th i rd  of their full def lec t fm in the direct ian conducive t o  
slower recoveriee,  with  the  spin f o r  tjhe X!l32D-l model ( s t ick  right, 
in a r ight  spin) and the elevator wae se t  at twa-thirds f u l l - u p  or 
full-up deflection. Recoverg vas attempted by either  rapidly 
reversiw the milder fram fill-with t o  two-thirds against  the spin 
o r  by movement of the rudder t o  txo-third.8 againat the s p i n  i n  con- 
junction with m a g  the e leva tor   to  one-third down. T h i s  particular 
contml  canfiguration and movement ia referred to 8s the "criterion 
spin '' 

The t u r m  fc r  recoverg were meaemd f m m  the t-fme the controls 
were m7ed tc the time t h e  epin ro5ation ceaaod. Tbe criterion for a 
satisfactory recoverg from a epin f o r  a spin-tunnel nodel has becn 
adopt& a8 two turns or  lees based primarily 011 the protable loss of 
e l t i tude  of a corresponding airplane during recovery axid the aubee- 
qucnt  dive. A 8  a reeult  of qlx-tt;nnel experience, the  recovery 
c h a r a c t e r i ~ t i c s  of a model 8,- considered satiefkctoqy lf recovery 
requires no more than 2- turns fram the cri ter ic ln spin. 1 

L 



I 

6 

a 



. 

a , p e r c e n t . . .  . . . . . . . . . . . . . . . . . . . . . . . .  &I 
 percent . . . . . . . . . . . . . . . . . . . . . . . . . .  &l 
hz, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  
V , p e r c e n t . . . . . . . . . . . . . . . . . . . . . .  . . . .  3=5 
Turns f o r  recoverg . . f& 114 fma motian picture  recorda 

112 f r o m  v"eual observation 

The preceding l M t e  m y  have been exceeded for ce-&in epim 
i n  which it m a  dif ' f icul t  t o  control the model i n  the  tunnel  because 
of the high r a t e  of descent or  becauee of the wandering o r  oeciUatory 
nature of the spin .  

~onqx~rieon  betmen model and airplane spin resu1t.a (referencee 1 
and 3) indicates t k t  s p i n - t m e l  msuts am not alwaye in  complete 
agreement with airplane spin results. 3 3  gmerctl, the  models epun 
a t  a somewhat frmaller aqae of attack, a t  a eomwhzt higher rate of 
deecent, and at from 3O t o  loo mre outwazd e i h e l f p  than did the 
corresponding  airplanes. The c"rfson made in  rcfererrce 3 f o r  20 air- 
planes shoved that 16 of the mdels predicted  eatisfactorfly  the 
corresponding afrplene mcoveqy characterietice and that 2 of them 
overestimated and that 2 of then d e r e s t l m t e L  the corresponding 
number of turns f o r  recovcq, 

Li t t l e  can be stated  ahout the precision of the crow-escape 
t e s t a  as Ifttle COEp3?%ibl6 full-scale data are evaflable. It is 
considered that when the d m  crewman i e  obsljrved to clear all 
parte of the model by a large mr@n after being rcleaeed, the 
crewman of the correspondiqy airplane can escape fmn an mcon- 
t rol lablz   epin of the airplane. 

, .  
, . . '  

Because of thc impractic&bili-Ly of ballastinc: the model exactly 
ar?d becauee of inadvertent damge t o  the mrlele &dng the opin 
teate ,   the  measured w e i g h t  and 1~388 dietrIbQtic3 of the model8 varied. 
from the t rue  scaled-down value~l. The followlr-g table shows the  
range of weight and mass dietribution  varietiolle lneasured for  both 
model8 : 

Weight, percent . . . . . . . . . . . . . . . . . . . .  0 t.0 3 high 
C e n t e r - o f - p v i t y  locatfan, percent F . 5 forward t o  3 form& . . . . . . . . . . . . . . .  '3 l o w  to 13 hi& 

. . . . . . . . . . . . . .  3 high to 13 hi@ 

. .  

. . . . . . . . . . . . . .  
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For a l l  the teste,  the zaodin@l f laps anb dive flap8 were 
neutral, the landing gear wae retracted, and the cocZrpit u88 cloeeb. 

The reeul ts  of the t e s t s  are presented in tables II and Vn: 
and on charts 1 to 8. For both models, fight spine were generally 
eteep  xl th  mcovery satisfactory if both t h e  rudder and elevator 
were reversed,  while l e f t  apfm were f la t  wTth wzsatisfactorg 
recoveries, regardlees of control movement, Tests were perfonned 
to determine the cawe of' tho aapmetrical result8  obtained to the 
r ight  and lefi, and the refmlts indicated thst +he aeynmetry wa8 not 
cauE& by the raA&r uEit mounted at the  r ight  dihedral  break. 
It ag?ea?'s that the difference i n  r e m l t e  was prokbly  due to 
slight, irc&vertent, aEryrrsletric model construc',ion, which although 
within  cmqtruction toZernnces, nevertheleea affected %he result8 
of the  current design apprecf%bfy. Both models were affectcd 
simib??rly, It tliue appeara that anra l l  wr ia t fons  fn the airplane 
conetruction, -&thin proiiuction tolerancee, mqr also result i n  a 
range of recovev characterist ics,  Kith a definite possibi l i ty  of 
unsetisfactory  recmeriea.. Accordingly, modif5catiom were teated 
on the model for left e p i u  to detsraipe ~ f 3 .  effective  naodification 
which vould e l i . e t e  the p2asibil i ty that the airplane might eater 
an uncontrollable spin. 

"he i n i t i a l  result8 cbtained with the two d e b  indicated 
t$t the effect of the mll wing dihedral difference contemplated 
(8 and 10') m e  not  eignfficant . Teete thereef ier  were made on 
either m3el as WELD eqeCitious t o  the t e s t  progasl. The discusaion, 
presented herein, ie trerrtet in term of cme e e l .  

Erect  pine. - The t e s t  result8 obtained wit.h the  model EIphIniIIg 
orect in  the nornal loading Bra &om i n  chart 1. For left Bpins, 
when  the ailerom were mutmi o r  when the ailerons vera wfth the 
Bpir- ( le f t  a i l e r z a  up Pn a l c f t  spin) the model spun 6teadily in 8 
fairly flat at+uitcde f o r  ali alevator posltion13. When the ailerona 
were agair-tit t k e  spin, the ep lm were steep and oeci l latoq in pitch. 
The oscillation was periodic, wrying from flat to eteop In approxi- 
mtely one tmn. With the elevators down and the ailerons againat 
the  epin  the model would. not epfn. Recoveries fYm left Bpfne  could 
not be obttstnea by rudder revorsal alone fram the  apln st n o m 1  
control configuratfon for splx~lng or fram the criterion spin. 

"- 
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Test  reeults obtafned wfth the mobl 8imuhting the overlcad 
torpedo  conditian (four tolpedos  inetalled on the wing racks and 
additional fuel carried in  the internal  wing tanke) are preeexited 
in chart  4, For the e p h e  teated the model spwt at etnglee of a t tack 
sbllar t o  those of cor=.espondfng apine of the model in the n o m 1  
lcmding and recoverhe were also generally sMlar. 

C h r t  5 ehm t h e  re~b l ta  of tes ta  with the model loaded 
aspnetrfcally,  exclueive of the radar unit. For theee  teste a 
torpec?o m e  mounted f l x t  M the inner rack of the two rack6 011 the 
l e f t  wing end then on the  right wing for l e f t  epine. Spin recoveries 
became mre d i f f i c u l t   t o  obtain than thoee f o r  the normal loading 
(chart 1) when the torpedo w88 on the left  wing i n  a left epln whereae 
x i t h  the torpedo an the  r ight wing in  a l e f t   pin recoveries were 
greatly improved. 

T a i l  MoRificatione 

The r e m l t a  of tcetP of modificatians t o  the tall of model in  
the n o m 1  loading are presented in table VI1 and char ts  6 and 7. II’L 
order t o  expedite  the  test program, eeveral of the Illodifications 
and conibllnatima of soye of the  modificatiom that did not appear 
very promising after i n i t i a l  tea ts  were not teeted completely and 
are not discuseed eepamtely. For some of t h e m  mdlficatione,  
oscil latorg s p f m  were Gbtained and although recoveriea f r o m  the 
eteep phase of the olscillation were aatiefactory, recoveries fram 
t he  f la t  ppstse vere unsatisfactory. The reaul ts  of these brief 
tests  are  presented in table  VIT. 

Ventral fin 2.- The test reeulte obtaincd from left Spina Kith 
ventral  f in 2 a m  given in chart  6. The steaw spins were steeper 
than corresponding spine Kith the normal tail configuration. 
Recoveriea by sfmultaneoue rudder and elevator reversal were con- 
sidered  satiefactory fram ary p b e e  of the spin osct l la t lon obtaixed. 
A ventral  f i n  of t h i s  s f z s  of the airplane, however, would interfere  
with  the  arreetlng gear hook and ground c loa r&~ce  and therefore I s  
probably not practicable for inatallation on tke airplane. 

Revised horizontel-tail  poe1tian.- Based cn the results of teat8 - 
of the mode1 x i th   ven t r a l   f i n  2 ins ta l led  and an epin-tunnel emeri- 
ence it LEI eetlmated that movement of the horiron&l tall upward and 



Spfn-Recovery parachute Teste 

i 



The landing and diving conditions weVe not t e e t e a  on the mael 
inasmuch ae current Navy specification8 do not require Chi&type o f  

' airplane to pbse spin demonstrations in the 'Jrwning or diving 
C ~ I I d i t i O f i B  m ' 

- .  . .  

c . An antiLlysis of f u l l - s x h  & model tes te  to deb& the 
effect of flaps and l and ing  gear, in. the event that the  airplane is 
inadver$ently spun in them conditions, indicate8 that although the 
-X!TB2D-1 airplane will probably recover eatiefactorzly from an . 
. Incipient spin ir'the or dim conditizne, recovertee From 
filly devdoped, apim will 'probably be unf+tlefactory. It A 8  * 

recommended therefore that the f h p g  :be neutralized and recoverg 
atteapted W i a t e l y  upon inadvertently entering a ' e p h  in the 
. h n d h g  or diving condifione in order to inmre that transition f r o m  
the incipient to the: f U L l y .  developed epln does not take place* . .  * * .. 

Control Forces 
. .  . .  

The dlecueeion of the reeulte so far has been h e e d  on control 
effectlvenese ,alone wf;thout mgard to the forces required to move 
the controls. $ 'oz+.&ll  tests, eufflcient force WB applied to the 
contr?ls t o  move them'fufrj. an4 rapidly. Sufpicient force must be 
applied eo the airplane controls to move t h e m .  in a similar ,lllanner 
in order for the model and airp&uie results to ba coqemble. 
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3; Movement of the horizontal tail upward and forward; illetal- 
lation of t i p  flne on the horizontal tall; or combfaation of a 
enall ventral fin, antispsn fillets, and a ap81l1#iee ertenefon of the 
horizontal tal1 will. reeult in aatiefectory recovery charactarietioe. 

4. Satis*c$oqy recoueriea KfSL be obtained.frcmr inverted mine 
by reveming @e meer  eyld peutralizfng, $he etfck.' 

5 A 19.glfoot , M i l  prachute with a drag coefficient .of 0 * 6 0  

or a 7.6-foot Xing t i p  pa-chute.with a drag coeffic2ent of 0.59 will 
effect  Batisfactory recoveries from demonstration spine for any of 
the tail configuratfo~e ,discuseed herein. 

6. Sf necessary to abctodon the afrpkane in a epin, the crew 
should leave f r o m  the outbard a ide  of the airplane or fram below 
the fueelags at "bomber's tub b t '  . ,  

7. The control forcee encountered in a spin will. probably be 
beyond the capabilities of the p i lo t .  A suitable booster for 
deereasing the omtrol forcee. yill be neceEisary to permit revereal 
of controb f.or mcoverg. . . , . 

Langley Memorial Aeronautical Laboratory 
Hatlonal Advieory Carmnittee for Aeronautics 

Isngley Field,  Va. 

MEL 
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4 Douglas Aricrafi CO., Inc., D r a w i n g  No 5211943: mont 
View - 1/26 Scale Free Spinning Model. 

5 .  Douglas Aircraft Co., Inc ., Drawing No. 5211944: Profile - 
1/26 Scale Free Spinning Model. 

6. Douglae A i r c r a f t  Ca., kc., Drewing No. 5211943: Plan View - 
1/26 Scale Free Spinning Model. 
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Wing: 
Dihedral, deg 

Center sections . . . . . . . . . . . . . . . . . .  0 
Outerpanela . . . . . . . . . . . . . . . . . . .  10 or 8 

Wing  pan, f% . . . . . .  70.2 (loo dihedral), 70.3 (8' dlhedml) 

Sect lon root (Dou&laa deeignation) . . . . . . . . .  E.S . PH4318 A r e a , e q f t . . . . . . . . . . . . . . . . , . . b b  608.27 

Section tip (Doug- deeigaation) . . . . b E.S.  eE4516 
Root chord incidence, de@: . . . . . . . . . . . . . .  2 
Tip chord incidence, deg . . . . . . . . . . . . . .  0 
Aspectratio .................... 0.1 
Mean aerodynamic Chord, . 0 . 108 
Flap, hinge line to t r a f l i n g  edge, percent chon3 . 17 a 5  

17 -5 
44.5 

148 -2 
29.8 
56 .I 

27 -5 
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recoverg length (ft) 
Parachute Parachute Vertical rete 
diameter drag coef'f'i- of descent 

Turns for Tar3Aul 

t ( ft) cient (fwd 
" 
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h e r l a d  torpedo, 
four 2150 p o d  
t.orpe6o.m 

A n p m t r i c  ha.@ 
(sxcluslvs of 
radar unit) 

Center of grast~ 
lo psraent 
aft of nom1 

15 -3 

18.4 

14.4 
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CHART 2.- INVERTED SFIS AND RECOVEW CFIlRACTERIS'fICS OF A &SCALE HODEL OF THE 

DOUGLAB XTBi?D-1 AIFG'LMIE IH THE # O W  LUDIHC 

[hading polnt 1 on table V and figure 6; f laps neutral; cockpit cloecd; recovery attempted 
by .rapid full ruddat. reversal  (recovery attempted from, and steady-spin data praaentcd 
for, rudder-full-with apine); upins t o  pilOt'8 l e f tJ  

NATIONAL ADVISORY 
COMMITTEE F o 1  lLLONAUTlCS 

M o d e l  v a I r e s  
c n n v e r L e d  L O  
ccrreaponjlng 

li ln l ier  r l n g  u p  
full-scale values .  

[: lnncr r r n g  d o a n  
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CHART 3.- SPIN AND RECOVERY CHARACTERISTIC0 OF A HOD!& OF THE DOUG- 
X T B P b 1  PIReUULE USW THE CQlTER OF OUVITY TEN PnCENT 6 

m n  TRE NOR~IBL LUCATIOU 
[LoPdlng point 4 on tab le  V and figure 6;  flap. n e u t r i l ;  oockpit olored;  reoorerp attempted by 

a t t y t e d  from, uid atesdy-spin data preaentad for, rudder-full-with mplnr); l e f t   e r e c t  
rlmultaneous n p l d  f u l l  reversal o f  tte rudder and elevator  except as noted  (recorerr 
a p l n  

P 

58 4D 53 
Ailerons fu l l  aga lnr t  - - 226 0.40- 

Ailerons   fu l l  with 

(S t lok   r i gh t )   (8 t l ck  l e f t )  
226 0.39 

=. - U 

ffl WATtONAL ADVISORY 

'Visunl  observation. 
hecovery  attempted by rlmultaneously  reversing 

the  rudder from f u l l  with t o  2/3 agalnr t  Y o d e l  value; 

I/? down. 
the  spin and the  e levator  from 2 0  up t o  c o n v e r c e a  

c o r r e a ~ o n a l n ~  
full-acals v a l u e a .  
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[hading  point 2 on t e b l e  V and figure 6 ;  f laps   nsutra l ;  oockppft olored; recovery r t t a w t s d  by 
rimultaneous  rapid full rudder and eleratar reversal  8x0 t a8 aoted (reemery cttampted 
f r o m ,  and mtdy-mpln data prementad for, xudde+full-wLx uppins); left  emct mplna3 

1 
I 

K c d e l  values 
c o n v e r r e i  L O  
c o r r e s p o w i n g  
I u I l - s c a l e  v a l u e s .  
li i n n e r   w t n g  up 
E lnner   w lng  ,down 

R 
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T o m d o  w rlght lnnor rauk 

f u l l - s c a l e  .&e.. 
U lnncr wlnr up 
D lneer r i n g  down 

(3 
P 
P x 
cn 
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OEIART 6.- SPIN AND RIFcOVmY CHIRACTWISTICS OF A & 8 C U  MODEL OB TBE DOUGLAS 
XTB2D-1 AIRPLANE WITH YElTRIL PII 2 I R S T U D  

[badlng  point 1 on t a b l e  V and flgure 6. flap8  neutral;   cockpit   clored;  recorrry attempted by 
rlmultaneour reverrl l  of rudder and eferator   except  ae noted  (recovery  attsmptsd f r o m ?  and 
ateady-spin  data   prerented  for ,   rudder-ful l -with  rpinr) ;   lef t  erect aping  

b c 7 

b 

43 
53 Q 

No 272 0.43 - spin 
Al l e rons   fu l l   . ga ln r t  Al:tronr f u l l  w i t h  

@t ick  right) ( B t i o k   l e f t )  
- 0.43 246 

1 
i 1FD 2 - U 

I . 

R No rpln 

a R e c o r e ~   a t t e m p t e d  by rudder reversal alons. 
b o r o i l l a t o r j   s p i n ,  range o f  valuer given. 
O ~ o o r c r y  attemptad by s ~ a u l t a n e ~ ~ s  reversal E o d e l  

'After  recoveryD model goes in to   inver tad  fuIl-scale values .  
ti l n n e r   v l n g  u p  
I! inner ' r i n g  down 

of rudder t o   2 /3  ag.1n.t and e l e v a t o r   t o  c o n v e r t s 2  
10 down. c o r r e e p o n i l n g  

spin. 
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CHART 7.- SPIN AND RECOVERY CHARACTERISTICS OF A &-MU MODEL OF THE DOUGLA3 XTB2D-1 
LIRPWiE WITH TIP EWS INSTALLED 01 THE HORIZONTAL T U  

boading  polnt 1 on table  V and f igure 6; flupa  neutral; cookpls oloeed; recmerJ attempted by 
rimultaneoue  rapid full reversal of the rudder md elevatm exoept an noted (FeOOVer? 
attempted from, and s teadprp in  da-  prerented for, rudder-full-with rpln8); l e f t  erect EpInd 
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FIGURE i - - THREE -VIEW DRAWING OF THE 2%- I SCALE MODELS OF THE 

DOUGLAS XT82D- I AIRPLANE A S  TESTED IN THE F R E E  - 
SPINNING TUNNEL. CENTER-OF-GRAVITY IZ SHOWN FOR NORMAL 

LOADING. DIMEN~IONS ARE MODEL VALUES. 
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Figure 2.- Photograph of the --scale model of the Douglas XTB2D-1 1 
26 

airplane in the normal loading. 
Lumm -1fU AIWAWImb L U ~ 7 0 1 1 -  YItn TalY. VA, 
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NACA RM No. L6K18 Fig. 5 

Figure 5.- Photograph of the --scale model of the Douglas XTBBD-1 1 
26 

airplane spinning in the Langley 20 -foot spin tunnel. 
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0 Airplane vafues 

Fig. 6 

?-'Z Relative mass distribution 
m b2 increased along the wings 

NATIONAL ADVISORY 
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Figure 6.- Inertia parsmeters for loadings possible on the 
XTB2D-I airplane and f o r  the loa2ings t e s t e d  on the 
€/26-scale models. (Points w e  for loadings l i s t e d  in 
tables IV and V.) 
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